Using a superfield generalization of the tadpole method, we study the one-loop effective potential for a Wess Zumino model modified by a higher-derivative term, inspired by the Lee-Wick model. The one-loop Kählerian potential is also obtained by other methods and compared with the effective potential.
supersymmetric partner with the same gauge quantum numbers but different spin.
Therefore, it is natural to discuss higher-derivative extensions of supersymmetric (SUSY) models, that is, to extend SUSY models by incorporating higher derivative terms (a similar theory was explored on [8] , as an extension for the galileon field on superspace). In the past, within the superfield context, higher derivatives were introduced as a regularization tool [9] . Further, it was shown that higher derivatives naturally emerge within the supergravity context, if one considers the supertrace anomaly of matter superfields in a curved superspace and then adds it to the classical action, generating higher derivative terms in the effective N = 1 supergravity action [10] . Some aspects of the dynamics of higher derivative superfield models have been studied in the works of Ref. [11] . Besides that, since realistic models require that SUSY should be broken [12] , it is natural to study if a Lee-Wick supersymmetric extension may exhibit some sort of dynamical SUSY breaking.
The introduction of higher-derivative terms is also justified when we look at the modification of the superficial degree of divergence, ω, when compared with its usual counterpart [13] . In the following, we outline the key ingredients to derive these modifications in ω. Any integration over the internal momentum (d 4 p) contributes to ω with a factor of 4. Since the number of integrations over internal momenta is equal to the number of loops, L, the total contribution from such integrations is 4L. There are two types of internal lines, L 1 and L 2 (see (24) below), referring respectively to ∆S S and ∆ SS ; they include, illustrating the case for L 1 , a , where S andS are unconstrained scalar superfields in terms of which we write the Φ andΦ superfields. All of these increase by 2L 1 their contribution. By the same arguments, we find out a −6L 2 contribution to ω.
For the chiral (antichiral) Φ(Φ) superfield, the Feynman rules dictate that each vertex, V , without external lines, includes four D-factors; only two of these are associated to a vertex in the presence of an external line, E. So we shall add a 4V − 2E term. We have to consider that each loop gives a local θ−space contribution, and using
we can eliminate four D-factors to create a delta. We shall discount it including a factor of −2L.
Summing it up, one obtains
Nevertheless, in the M → ∞ limit, we have, analogously
Comparing (1) and (2) we note that a better behavior is achieved when one introduces higherderivative terms with respect to the divergences in the original theory, considering the same number of L 1 and L 2 internal lines. With this motivation we calculate the effective potential for the WessZumino model with an extra higher derivative term, by using the tadpole method [14] . For that we must shift the fields by a classical superfield. We will also calculate the one-loop Kählerian potential by another method and compare with the effective potential.
The work is structured as follows: in the next Section we shall study the modified Wess-Zumino model and calculate its one-loop effective potential. In Section III, we obtain the one-loop Kählerian potential. In Section IV, we present our conclusions.
II. ONE-LOOP EFFECTIVE POTENTIAL
We start with the higher-derivative N = 1, D = 4 supersymmetric Lagrangian (g µν = diag(− + ++)), given by
where W (Φ) = 1 2 mΦ 2 + 1 6 gΦ 3 and M is a mass parameter much bigger than m, but much smaller than the ultraviolet cut-off. By expanding the superfield in component fields and integrating in the grassmanian variables we obtain for the Lagrangian:
where
2 gA 2 and
From this Lagrangian, we can derive the Euler-Lagrange equation for the "auxiliary field" F , e.g.
in the literature, and it can be formulated as a second order theory by doubling the number of fields [16] . For our purposes, i.e., for the evaluation of the effective potential, this formulation is not necessary, and we keep working with the original Lagrangian (3).
The tree level potential, as usual, is given by the scalar part of the Lagrangian, with the scalar components of the chiral superfield set as constants (independent of x), Φ = Φ c = a + f θ 2 :
There is at least one solution for the minimum of V 0 with f = 0. So, as in the usual WessZumino model, SUSY is not broken at the tree level, and thus the nonrenormalization theorem dictates what come forward in the quantum corrections (in the sense that SUSY will not be broken at higher-order corrections as well).
To calculate the one-loop contribution to the effective potential, we will use the tadpole method [17] . For that we must calculate the superpropagators of the chiral superfields in the presence of a shift by a classical constant superfield. To get them we will use the techniques introduced in [18] , which consists in to introduce two unconstrained scalar superfields (prepotentials) S andS, from which the chiral and antichiral superfields are written as:
The determination of the propagators of S andS require the introduction of a gauge fixing term in the Lagragian, from which the final propagators of the chiral fields will not depend. With these substitutions, the action (3) results in:
and ε is the gauge fixing parameter.
The propagators are obtained by inverting the quadratic terms on (7), using the set of differential
The superpropagators for Φ,Φ are obtained by acting with the appropriate D 2 ,D 2 operators on the expression above, as
To derive the effective potential, we shift the chiral superfield by another constant chiral super-
The action of the shifted theory reads
where W (Φ c ) = a + gΦ c = (m + ga) + gf θ 2 =ã +f θ 2 . Performing the functional derivative with respect to the superfields S andS and freely integrating by parts, one obtains that the superpropagators are related by the following equations:
The system above is immediately solved by
Suppressing the ε dependent term [18] (Landau gauge), ∆ SS (z, z ) can be expanded in a more convenient way, with its poles in explicit form, and we finally obtain
where The one-loop contribution to the effective potential can be calculated by integrating the superfield tadpole, shown in Fig. 1 . Its contribution is given by:
By integrating these equations we get the potential:
By doing a Wick rotation to the Euclidian space
, this potential can be written:
where, in this expression and from now on, k stands for the Euclidian momentum k E = (k 4 , k) and Λ(>> M 2 ) in the integral simbol represents an UV cut-off. It is easy to see that this expression is UV convergent, which means it is finite for Λ/M → ∞. If instead, we had considered M 2 >> Λ 2 , by expanding this expression in powers of k 2 /M 2 we had obtain
As can be seen, the zero-order term is just the (UV logaritmic divergent) one-loop contribution to the effective potential [19, 20] The poles in k 2 are given by
The quantities m 2 1 and m 2 2 are respectively the fermionic and bosonic masses corrected by terms of the order of 1/M 2 , m 2 3 and m 2 4 are the ghost masses introduced by the higher derivative term. By making |f | 2 = 0 , the fermionic and the bosonic masses become identicals, as well the ghost masses :
Despite the existence of these states, we would stress the fact that the vacuum is only populated by the physical states. This can be seen from (4), that the kinetic term for the field A can be rewritten, using
as
and one can separate the ghost from the physical particle using these redefinitions. In the vacuum,
III. ONE-LOOP KÄHLERIAN POTENTIAL
We proceed with the calculation of the one-loop Kählerian potential (where besides the condition ∂ µ Φ c = 0 we must impose, in the manipulations of the D-operator algebra, thatDȦΦ c = 0), as shown in Fig. 2 , for the massless theory, following [21] [22] [23] [24] . We use again the unconstrained superfields S,S to obtain the propagators. We derive them from Eq. (7),
where ε is a gauge fixing parameter. The same result can be obtained using Eq. (14) in the limit Φ c = 0. With these propagators in hands, the one-loop Kählerian potential for m =m = 0 is straightforwardly calculated. For the massless limit only supergraphs with the same number of Φ c andΦ c external legs can contribute, and an 1 2n symmetry factor must be included, consequently one obtains:
Another way to derive (25) is based on the methodology developed in [24] : from the action (3) one can find the effective equations of motion for Φ,Φ:
c . Now we can construct the matrix: (27) so that the matrix superpropagator G (W ) satisfies the equation
For constant values of the background fields (DȦΦ c = 0) , the relevant part of this contribution is just
By changing the field definition to Φ c → iΦ c ,Φ c → −iΦ c [25] , whose only effect is to change the signal of the mass term in the action, we can write
where we used the identity D 2D 2 δ 4 (θ − θ ) θ=θ = 16 in the last line. Now (30) can be cast in the well-known form:
where W [Φ c ] = m + gΦ c andW [Φ c ] = m + gΦ c . As can be seen, for m = 0 this is equal to (25) .
A similar result has been obtained in [26] using algebraic calculations.
relation of such breaking with this kind of operator. Another important task is to apply the methods developed here to models with more than one coupling constant, to investigate the possibility of dynamical symmetry breaking by the Coleman-Weinberg mechanism, and finally to study supersymmetric models with gauge fields, where we have the appearance of vector superfields. The calculations in this case turn out to be much more cumbersome and we have to pay attention to a nontrivial mixing between matter superfields and gauge potential superfields, wich imply important issues concerning the gauge fixing in superspace.
